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Light source for an external cavity laser 







(57) A light source for an external cavity laser com- 
prises a semiconductor laser 1 having a first facet to 
which is applied an antireflecti on coating 1 A and a sec- 
ond facet to which is applied a increased reflection coat- 
ing 1 B defining a predetermined reflectivity, lenses 5, 6, 
a diffraction grating 2, and a mirror 3, wherein a light 
emitted from the first facet is converted into a parallel 



light by the lens 5, and the parallel light passes through 
the diffraction grating 2 to select a wavelength and is 
reflected to the diffraction grating 2 by the mirror 3 to 
select a wavelength via the diffraction grating 2 again, 
and the parallel light is converged by the lens 5 to be 
fed back to the semiconductor laser! , and a light emitted 
from the second facets is converged by the lens 7 to be 
output to an optical fiber 4. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] This invention relates to a light source for an external cavity laser to be used in the field of optical communi- 
cation. 

2. Description of the Related Art 

[0002] A light source for an external cavity laser in the related art will be described below with reference to 
[0003] As shown in Fig. 8, in the light source for an external cavity laser of the related art, an antireflection coating 
15A is applied onto one facet of a semiconductor laser 15. A light beam emitted from the facet of the antireflection 
coating 15A side is converted into a parallel light beam by a lens 5. Wavelength selection of the parallel light beam is 
performed by a diffraction grating 2. Subsequently, the light beam is returned to the diffraction grating 2 by a mirror 3 
to perform wavelength selection again by the diffraction grating 2 and to feed back the light beam to the semiconductor 
laser 15 to perform laser oscillation. 

[0004] With regard to the output light beam, the light beam emitted from the other facet of the semiconductor laser 
15 is converted into a parallel light beam by lens 6. After passage through an optical isolator 8, the light beam is 
converged by lens 7 into an optical fiber 4 to be taken out. 

[0005] The system illustrated in Fig. 8 is called a Rittman type, and since wavelength selection is performed twice 
by the diffraction grating 2 in the round-trip, it is excellent in wavelength selectivity and is presently known as the most 
general type of system. 

[0006] With the arrangement shown in Fig. 9, a beam splitter 9, which takes out a part of the diffracted light beam 
that is fed back from the diffraction grating 2 to semiconductor laser 15, is equipped between the semiconductor laser 
15 and the diffraction grating 2 of the light source for an external cavity laser of Fig. 8, and the diffracted light beam 10 
that is taken out by beam splitter 9 is converged and output into optical fiber 11 via an optical isolator 1 2 and a lens 
13. Since the diffracted light 10 is the light that has just undergone the wavelength selection twice by the diffraction 
grating 2 in the round-trip, though the optical output will be somewhat lower in comparison to the output of the optical 
fiber 4, an extremely pure single-wavelength light beam, which does not contain any of the spontaneous emission 
components that emitted from semiconductor laser 15, can be obtained (refer to Japanese Unexamined Patent Pub- 
lication No.Hei.1 1-1 26943). 

[0007] Meanwhile, Fig. 10 shows an example where a band-pass filter 14 is used in place of the diffraction grating 
of the light source for an external cavity laser of Fig. 8. 

[0008] In a light source for an external cavity laser, such as those shown in Figs. 8 to 10, though the antireflection 
coating 1 5A that is applied to one facet of the semiconductor laser 1 5 is essential for forming the external resonator, 
the other facet is not provided in particular with a coating due to reasons of cost and is left in the form of a cleavage 
plane (the surface as it is when the element is cleaved; the reflectivity is approximately 32%), as in a general Fabry- 
Perot laser. 

[0009] Figs. 1 1 and 1 2 show examples where a total reflection coating 1 6B, with a reflectivity of substantially 1 00%, 
is applied to one facet of a semiconductor laser 1 6 at the side on which an antireflection coating 1 6A is not applied in 
order to increase the optical output of the optical fiber 4 or the optical fiber 1 1 of the examples of the related art in Fig. 
8 or 9 as much as possible. 

[001 0] In the example shown in Fig. 12, since the total reflection coating 1 6B is used at one facet of the semiconductor 
laser 16, the output light beam is obtained as the Oth-order light of the diffraction grating 2. 

[0011] Normally in a light source for an external cavity laser, when the efficiency of the resonator drops below that 
of a Fabry-Perot laser diode, with which both facets are cleavage planes, the optical resonance itself weakens and the 
laser emission conditions tend to become unstable. 

[0012] As a most simple indicator for the efficiency of the resonator, the product of the reflectivities of both facets of 
the resonat or may be compared (in the case of an external resonator, the product of the reflectivity of the facet at one 
side and the feedback efficiency of the external oscillator). In a Fabry-Perot laser diode, since both facets are cleavage 
planes and the reflectivity of each of the facets is approximately 32% in the case of an element with an emission 
wavelength of 1550nm, the product will be: 



0.32 x 0.32 * 0.1 
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[0013] In the case of the external resonator type semiconductor laser light source, an a nti reflection coating is normally 
applied to one facet of the semiconductor laser, and the other facet of the semiconductor laser is a cleavage plane. In 
the case of an element for 1550nm, this cleavage plane is a partially reflecting surface with a reflectivity of approximately 
32%. Thus in an external resonator, the semiconductor laser will not undergo emission by itself and laser emission 
occurs as a result of the feedback of light. The feedback efficiency thus corresponds to the reflectivity of the other facet. 
[0014] In case of the example shown in Fig. 8, if the coupling efficiency of the lens 5 is 50%, the diffraction efficiency 
of the diffraction grating 2 is 80%, and the reflectivity of the mirror 3 is 95%, thus: 

Feedback efficiency = 0.5 x (0.8 x 0.8) x 0.95 x 100 = 30.4% 

[0015] It is found that the feedback efficiency is thus lowered to approximately 30%. 
[0016] Since the product of the reflectivities of both facets of the resonator is thus: 

0.32 x 0.304 = 0.097 



[0017] It can be understood that the efficiency of the resonator is lowered and the emission condition tends to be 
unstable. 

20 [0018] In the example of Fig. 8, since the light beam is made to undergo spectral separation twice by the diffraction 
grating in the round-trip in order to increase the wavelength selectivity, even if the diffraction efficiency is 80%, the 
efficiency is lowered to 64% in the round-trip. Accordingly, it is difficult to increase the feedback efficiency using the 
system of Fig. 8. 

[0019] Furthermore, in the light source for an external cavity laser of Fig. 9, since the beam splitter 9 is provided 
25 between the semiconductor laser 15 and the diffraction grating 2, the light beam passes through the beam splitter 9 
twice in addition to being diffracted by the diffraction grating 2 in the round-trip. Thus if the splitting efficiency of the 
beam splitter is given as 80% transmittance and 20% reflectance, the feedback efficiency is: 



0.5 X (0.8 X 0.8) X (0.8 X 0.8) X 0.95 x 100= 19.5% 

[0020] Thus, the feed back efficiency is lowered to approximately 20%. 

[0021] Likewise, the product of the reflectivities of the facets of the resonator is: 

0.32 x 0.195 = 0.06 



[0022] Though it is desirable here to improve the coupling efficiency of the lens part, which is considered to be highest 
in loss, since the emission NA of the semiconductor laser takes on a large value of 0.4 to 0.5 and a cross-sectional 
40 area (emission area) of the active layer is only a few um, that is extremely small, it is difficult to achieve significant 
improvements even when an aspherical lens having low aberration, etc. is used. 

[0023] As shown in Fig. 10, the same applies in case where band-pass filter 14 is used. That is, since a band-pass 
filter 14, that is narrow in half-width and excellent in wavelength selectivity, is generally high in transmission loss and 
the feedback efficiency thus tends to be low, it is also difficult to obtain stable oscillation conditions. 

45 [0024] Also in the examples shown in Figs. 11 and 12, though the optical output of the optical fiber 4 or the optical 
fiber 11 may be increased as much as possible by the application of the total -reflection coating 16B, since oscillation 
tends to occur readily even with a slight reflection at the facet on which antiref lection coating 1 6A is applied, a composite 
resonator tends to be constructed, and thus it is difficult to achieve stable emission without mufti-modes and mode 
hopping as the light source for an external cavity laser (this is especially significant in the case of a variable wavelength 

so light source) . 

SUMMARY OF THE INVENTION 

[0025] An object of the invention is to restrain unstable oscillation, such as multi-mode emission and mode hopping, 
55 and stabilize emission conditions in a light source for an external cavity laser even when the efficiency of feedback of 
light to the semiconductor laser is lowered by the loss due to various optical elements. 

[0026] In order to achieve the above object, according to a first aspect of the invention, there is provided a light 
source for an external cavity laser, for example as shown in Fig. 1 , which comprises a semiconductor laser 1 , having 
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an antiref lection coating 1 A provided on one end face thereof, and 

the light source for an external cavity laser converts a light beam emitted from the end face at the antiref lection 
coating 1 A side of the abovementioned semiconductor laser 1 into a parallel light beams, performs wavelength 
5 selection of the light beam by means of a wavelength selection optical element 2, then returns the light beam back 

to the wavelength selection optical element 2 by means of a mirror 3, then feeds back the light to the abovemen- 
tioned semiconductor laser 1 upon performing wavelength selection again by means of the wavelength selection 
optical element 2, and 

converges and outputs a light beam emitted from the other end face of the abovementioned semiconductor laser 
10 1 into an optical fiber 4, 

wherein a light source for an external cavity laser is characterized in that an increased reflection coating 1 B, having 
prescribed reflectivity characteristics, is applied onto the end face of the abovementioned semiconductor laser 1 
at the side on which anti reflection coating 1 A is not provided. 

15 [0027] According to the first aspect of the invention, since the light source for an external cavity laser has an increased 
reflection coating, which has prescribed reflectivity characteristics, applied onto the end face of the semiconductor 
laser at the side on which the anti reflection coating is not applied, even when the efficiency of feedback to the semi- 
conductor laser is lowered by the passage of the light via the wavelength selection optical elements twice in the round- 
trip, a stable light source can be provided with which the occurrence of unstable emission, such as multi-mode emission 

20 and mode hopping, is restrained. 

[0028] The light source for an external cavity laser may include a diffraction grating 2 that is used as the abovemen- 
tioned wavelength selection optical element. 

[0029] The light source for an external cavity laser may includes a beam splitter 9, which takes out a part of the 
diffracted light that is fed back from the diffraction grating 2 to the abovementioned semiconductor laser 1 , between 
25 semiconductor laser 1 and diffraction grating 2, wherein the diffracted light beam that is taken out by the abovemen- 
tioned beam splitter 9 is converged and output into an optical fiber 11 . 

[0030] In the invention, since the diffracted light beam is converged and output into the optical fiber, an extremely 
pure single-wavelength light beam, which does not contain any spontaneous emission components, can be obtained, 
and since an increased reflection coating is applied, a light source of stable emission conditions can be obtained even 

30 when the -efficiency of feedback to the semiconductor laser is lowered to a level less than or equal to the first aspect 
of the invention due to the passage of light through the beam splitter and via the diffraction grating twice in the round-trip . 
[0031] The light source for an external cavity laser may be equipped with a rotation mechanism (indicated by the 
arrow) that enables variation of the selected wavelength by the changing of the angle of the abovementioned mirror 3. 
[0032] Since a rotation mechanism is equipped that enables variation of the selected wavelength by the changing 

35 of the angle of the mirror, the merit that an arbitrary wavelength can be selected freely is provided. 

[0033] In the light source for an external cavity laser, a band-pass filter 14 may be used as tfie abovementioned 
wavelength selection optical element. 

[0034] A beam splitter 9, which takes out a part of the diffracted light beam that is fed back from band-pass filter 14 
to the abovementioned semiconductor laser 1 , may be provided between semiconductor laser 1 and band-pass filter 
40 14 and 

the diffracted light beam that is taken out by the abovementioned beam splitter 9 may be converged and output 
into an optical fiber 11 . 

[0035] Since the diffracted light beam, which is taken out by the beam splitter that takes out a part of the diffracted 
light that is fed back from the band-pass filter to the semiconductor laser, is converged and output into an optical fiber, 
45 an extremely pure single-wavelength light, which does not contain any spontaneous emission components, can be 
obtained, and since an increased reflection coating is applied, a light source of stable emission conditions can be 
obtained even when the efficiency of feedback to the semiconductor laser is lowered to a level less than or equal to 
that of the first aspect of the invention due to the passage of light through the beam splitter and the band-pass filter 
twice in the round-trip. 

so [0036] A partially reflecting mirror 1 7 may be used as the abovementioned mirror, and 

a part of the light beam that is fed back to the abovementioned semiconductor laser may be converged and 
output into an optical fiber 11 . 

[0037] Since the mirror is made a partially reflecting mirror and a part of the light beam that is fed back to the sem- 
iconductor laser is transmitted and then converged and output into an optical fiber, an extremely pure single-wavelength 
55 light beam, which is low in spontaneous emission components, can be obtained, and since an increased reflection 
coating is applied, a light source of stable emission conditions can be obtained even when the efficiency of feedback 
to the semiconductor laser is lowered. 

[0038] The abovementioned band-pass filer 14 may be a variable band-pass filter with which the film thickness is 
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varied in a continuous manner and 

a slide mechanism (indicated by the arrow) may be equipped for enabling the variation of the selected wavelength 
by the changing of the position of the abovementioned variable band-pass filter 14. 

[0039] Since a slide mechanism is equipped for varying the selected wavelength by the changing of the position of 
5 a variable band-pass filter, with which the film thickness is varied in a continuous manner, an arbitrary wavelength can 
be selected freely. 



BRIEF DESCRIPTION OF THE DRAWINGS 



10 [0040] Fig.1 is a constructional view showing an arrangement of an embodiment to which the invention is applied 
and shows a light source for an external cavity laser according to a first embodiment 

[0041] Fig. 2 is a constructional view showing a light source for an external cavity laser according to a second em- 
bodiment. 

[0042] Fig. 3 is a constructional view showing a light source for an external cavity laser according to a third embod- 
15 iment. 

[0043] Fig. 4 is a constructional view showing a light source for an external cavity laser according to a fourth em- 
bodiment. 

[0044] Fig. 5 is a constructional view showing a light source for an external cavity laser according to a fifth embod- 
iment. 

20 [0045] Fig. 6 is a constructional view showing a light source for an external cavity laser according to a sixth embod- 
iment. 

[0046] Fig. 7 is a constructional view showing a light source for an external cavity laser according to a seventh 
embodiment. 

[0047] Fig. 8 is a constructional view showing an example of a related-art light source for an external cavity laser. 
25 [0048] Fig. 9 is a constructional view showing another example of a related-art light sou rce for an external cavity laser. 
[0049] Fig. 10 is a constructional view showing another example of a related-art light source for an external cavity 
laser. 

[0050] Fig. 11 is a constructional view showing another example of a related-art light source for an externaLcavity 
laser. f. 
30 [0051] Fig. 12 is a constructional view showing another example of a related-art light source for an extern al -cavity 
laser. > i. 

[0052] Fig. 13 shows a setting of the rotation center position of a mirror 3 in the light source for an external cavity 
laser according to the third embodiment. 

35 DETAILED DESCRIPTION OF THE PRESENT INVENTION 

[0053] The present invention will now be described in detail with reference to the drawings. 



First embodiment 

40 

[0054] As shown in an arrangement of Fig. 1 , which is based on the related-art example of Fig. 8, a light source for 
an external cavity laser comprises a semiconductor laser 1 , a diffraction grating 2, a mirror 3, an optical fiber 4, lenses 
5, 6, and 7, a optical isolator 8, etc. 

[0055] An antiref lection coating 1 A is applied to one facet of semiconductor laser 1 . 

45 [0056] A light beam emitted from the facet of semiconductor laser 1 at the antlreflection coating 1 A side is converted 
into a parallel light beam by the lens 5 and incidents on the diffraction grating 2. The parallel light beam that incidents 
on the diffraction grating 2 undergoes spectral separation according to wavelength in a radial mariner and then incidents 
on the mirror 3. A light beam having a wavelength to incident perpendicularly on a reflecting surface of the mirror 3 out 
of the parallel light beam, which has undergone spectral separation by a diffraction grating 2, incidents on the diffraction 

so grating 2 again and is fed back to the semiconductor laser 1 along the original light path upon undergoing spectral 
separation again. 

[0057] A light beam emitted from the other facet of the semiconductor laser 1 is converted into a parallel light beam 
by means of the lens 6, transmitted through the optical isolator 8, and then converged onto the optical fiber 4 by the 
lens 7. Whereby lasing the output light beam is take out. 
55 [0058] Normally, an incident facet of the optical fiber 4 is polished at an angle of 6 to 8° in order to restrain the 
reflection, and an antireflection coating is applied if necessary. 

[0059] With regard to the semiconductor laser 1 , although the facet at the side at which the output light is emitted is 
normally a cleavage plane (with a reflectivity of approximately 32%), in this embodiment, an increased reflection coating 
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1 B is applied as shown in Fig. 1 in order to increase the reflectivity further to approximately 40%. 
[0060] A supplementary description of the increased reflection coating 1 B will be given. 

[0061] The increased reflection coating 1B is a reflection coating that is aimed at increasing the reflectivity of the 
cleaved facet of the semiconductor laser 1 to some degree and differs from a total reflection coating that has the 
5 reflectivity of substantially 1 00%. 

[0062] Normally, the reflectivity of the increased reflection coating 1 B is preferably approximately 40 to 70%. Normally 
with such the increased reflection coating 1 B, the desired reflectivity can be obtained readily by means of a dielectric 
multilayer coating. 

[0063] In case where the feedback efficiency of an external oscillator is slightly lower than the reflectivity of the 
10 cleaved facet, namely the feedback efficiency is about 30%, specifically within 25-32%, the reflectivity of the increased 
reflection coating 1 B is preferably one that slightly increases the reflectivity (approximately 40%). On the other hand, 
in case where the feedback efficiency of only about half the reflectivity of the cleaved facet is obtained, namely the 
feedback efficiency is about 20%, specifically within 15-25%, the reflectivity of the increased reflection coating 1B is 
preferably approximately 50 to 70%. 
15 [0064] If the reflectivity of the increased reflection coating 1 B is raised more than necessary, since Fabry-Perot os- 
cillation will tend to occur (periodic power ripple arising according to wavelength becomes high) even with a very slight 
reflection at the facet of the semiconductor laser 1 on which the anti reflect* on coating 1 A is applied as in the related- 
art examples of Figs. 11 and 12, a composite resonator will be formed wherein resonation occurs at the semiconductor 
laser 1 itself as well as at the external resonator. Accordingly, an oscillation condition thus becomes unstable, and 
20 there fore increasing the reflectivity more than necessary is not effective. 

[0065] Consequently, the reflectivity of the increased reflection coating 1 B is preferably set to a relatively low value 
within the required range. 

[0066] A description of the embodiment of Fig. 1 will be continued. 

[0067] For the light source for an external cavity laser of Fig. 1 , the product of the reflectivities of the facets of the 
25 resonator, as determined in the same manner in the related-art examples, is: 

0.4 x 0.304 = 0.12 

30 [0068] .The efficiency of the resonator is thus improved in comparison to the value of 0.097 for the arrangement of 
Fig. 8 that is not provided with the increased reflection coating 1 B. 

Second embodiment 

35 [0069] An arrangement shown in Fig. 2 is based on the related-art example of Fig. 9. 

[0070] In the embodiment shown in Fig. 2, the reflectivity of an increased reflection coating 1 B is set to approximately 
52%. The product of the reflectivities of the facets of the resonator is: 

40 0.52 x 0.195 « 1.01 

[0071] The efficiency of the resonator is thus improved in comparison to the value of 0.06 for the arrangement of 
Fig. 9 that is not provided with the increased reflection coating 1 B. 

[0072] Thus by providing the antiref lection coating 1 B, the efficiency of the resonator can be prevented from lowering 
45 even if the feedback efficiency is lowered and stable oscillation conditions without multi-mode oscillation or mode 
hopping can be obtained. 

Third embodiment 

so [0073] In a third embodiment of Fig. 3, the light source for an external cavity laser of Fig. 2 is provided with a rotation 
mechanism (indicated by the arrow) for varying selected wavelength according to an angle of a mirror 3. 
[0074] A rotation center position of the mirror 3 is preferably set to a position disclosed in "Novel geometry for single- 
mode scanning of tunable laser (Karen Liu and Michael G. Littman/March 1981 /vol. 6 No.3/Optics Letters p. 117-118) 
M . Referring to Fig. 13, specific explanation of the above will be given. Supposing that all mediums of the lens 6, the 

55 beam splitter 9 and the semiconductor laser 1 are made of air, the lengths of the beam splitter 9 and the semiconductor 
laser 1 in the optical axis direction is converted. Then, a position of the facet of the semiconductor laser 1 at the 
increased reflection side with respect to the diffraction grating 2 is defined as an optical position C1 using the converted 
lengths. An intersection, where a line L1 passing through the optical position C1 intersects with a line L2 extended a 
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diffracting surface of the diffraction grating 2, is defined as a point C. The mirror 3 is disposed so that a line extended 
a reflection surface of the mirror 3 passes through the point C and the rotation center position of the mirror 3 corresponds 
to the point C. 

[0075] With this positional relationship, the external resonator type laser source according to the third embodiment 
5 achieves the continuous variation of wavelength without mode hopping. 

[0076] Incidentally, the third embodiment may also be applied to the light source for an external cavity laser shown 
in Fig. 1. 

Fourth embodiment 

10 

[0077] In a fourth embodiment shown in Fig. 4, a band-pass filter 14 is used as an optical element for wavelength 
selection in the light source for an external cavity laser shown in Fig. 1 . In this case, a comer reflector (corner cube 
mirror) may be used as the mirror 3 in order to facilitate alignment. 

15 Fifth embodiment 

[0078] In a fifth embodiment shown in Fig. 5, the band-pass filter 14 is used as the optical element for wavelength 
selection in the light source for an external cavity laser shown in Fig. 2. In this case, a corner reflector (corner cube 
mirror) may be used as the mirror 3 in order lo facilitate alignment. 

20 

Sixth embodiment 

[0079] In a sixth embodiment of Fig. 6, the band-pass filter 14 is used as the optical element for wavelength selection 
in the light source for an external cavity laser shown in Fig. 2, and in place of using the beam splitter 9 shown in Figs. 
25 2 and 5, the mirror 3 is made of a partially reflecting mirror 1 7 to converge a part of light returning to the semiconductor 
laser 1 into an optical fiber 11 . 

Seventh Embodiment 

30 [0080] In a seventh embodiment shown in Fig . 7, a variable band-pass filter, with which film thickness is varied in a 
continuous manner, is used as the band-pass filter 14 in the light source for an external cavity laser shown in Fig. 5, 
and the variable band-pass filter 1 4 has a slide mechanism (indicated by an arrow) to be able to change the selected 
wavelength. 

[0081] This embodiment is also applicable to the light source for an external cavity lasers shown in Figs. 4 and 6. 

35 [0082] Accordin to the first aspect of the invention, since an increased reflection coating, provided with prescribed 
reflectivity characteristics, is applied onto the end face of the semiconductor laser on which the antireflection coating 
is not applied, even if the efficiency of feedback to the semiconductor laser is lowered by the passage via the diffraction 
grating twice in the round-trip, a stable light source can be provided with which unstable emission, such as multi-mode 
emission and mode hopping, is restrained. 

40 [0083] In the invention, a pure single-wavelength light beam without spontaneous emission components can be 
obtained, and since an increased reflection coating is applied, a light source of stable emission conditions can be 
obtained even if the efficiency of feedback to the semiconductor laser is lowered to or below the level of the first aspect 
of the invention due to the passage of light through the beam splitter and via the diffraction grating twice in the round-trip. 
[0084] In the invention, the merit of being able to select an arbitrary wavelength freely is provided by the rotation 

45 mechanism that changes the selected wavelength by the changing of the angle of the mirror. 

[0085] In the invention, a pure single-wavelength light beam without spontaneous emission components can be 
obtained, and since an increased reflection coating is applied, a light source of stable emission conditions can be 
obtained even if the efficiency of feedback to the semiconductor laser is lowered to or below the first aspect of the 
invention due to the passage of light through the beam splitter and the band-pass filter twice in the round-trip. 

so [0086] In the invention, a pure single-wavelength light without spontaneous emission components can be obtained, 
and since an increased reflection coating is applied, a light source of stable emission conditions can be obtained even 
if the efficiency of feedback to the semiconductor laser is lowered. 

[0087] In the invention, the merit of being able to select an arbitrary wavelength freely is provided by the slide mech- 
anism that changes the selected wavelength by the change of the position of a variable band-pass filter, with which 
55 the film thickness is varied in a continuous manner. 
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Claims 

1 . A light source for an external cavity laser comprising: 

a semiconductor laser including a first facet with an antireflection coating, and a second facet with an increased 
reflection coating defining a predetermined reflectivity, the semiconductor laser for emitting two light beams 
from the first facet and the second facet; 

a first mirror for converting the light beam emitted from the first facet into a parallel light beam; 
a second mirror for converting the light beam emitted from the second facet into a parallel light beam; 
a wavelength selection optical element for selecting a wavelength of the parallel light beam and emitting the 
parallel light beam having the wavelength selected; and 
a mirror reflecting back the parallel light beam emitted from the wavelength selection optical element so that 
the wavelength of the parallel light beam is selected twice in the wavelength selection optical element; 
wherein the parallel light beam selected twice is converged by the first lens to be fed back to the semiconductor 
15 laser; and 

the light beam emitted from the second facet is converged by the second lens to be output to a first optical fiber 

2. The light source according to claim 1 , wherein the wavelength selection optical element is a diffraction grating. 



10 
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35 



The light source according to claim 1 , further comprising a beam splitter positioned between the semiconductor 

laser and the wavelength selection optical element, ^ 

wherein the beam splitter takes out a part of the parallel light fed back from the wavelength selection optical 
element to the semiconductor laser; and 

the parallel light taken out by the beam splitter is converged to be output to a second optical fiber. 



4. The light source according to claim 1 , further comprising a rotation mechanism for changing an angle of the mirror 
in relation to the wavelength selection optical element, 

wherein the wavelength of the parallel light beam selected in the wavelength selection optical element is 
30 changed according to the angle of the mirror. 

5. The light source according to claim 1 , wherein the wavelength selection optical element is a band-pass filter. 



6. The light source according to claim 5, wherein the mirror reflects a part of the parallel light beam; and 
the part of the parallel light fed back to the semiconductor laser is converged to be output to an optical fiber. 

7. The light source according to claims 5, wherein the band-pass filer is a variable band-pass filter with which a film 
thickness thereof is varied in a continuous manner; 

40 a slide mechanism is provided to vary a position of the variable band-pass filter; and 

a wavelength selected by the variable band-pass filter is changed according to the position of the variable 
band-pass filter. 



O 



45 



50 



55 



BNSDOCID: <EP 1 139523A2J_> 



8 



EP1 139 523 A2 




EP1 139 523 A2 




BNSDOCID: <EP 1139523A2J_> 



10 



EP1 139 523 A2 




BNSDOCID: <EP 1 139523A2_L> 



11 




BNSDOCID: <EP 1139523A2J_> 



12 



EP1 139 523 A2 




BNSDOCID: <EP 1139523A2. L> 



13 



EP 1 139 523 A2 



FIG. 11 




BNSOOCID: <EP 1 139523A2_I_> 



EP1 139 523 A2 



FIG. 13 




BNSDOCID: <EP 1 139523A2_I_> 



15 



o 



(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(88) Date of publication A3: 

26.02.2003 Bulletin 2003/09 



(H) EP1 139 523 A3 

EUROPEAN PATENT APPLICATION 

(51) IntCU: H01S5/14 



(43) Date of publication A2: 

04.10.2001 Bulletin 2001/40 

(21) Application number: 01108046.2 

(22) Date of filing: 29.03.2001 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NL PT SE TR 
Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 30.03.2000 JP 2000094212 

(71) Applicant: Ando Electric Co., Ltd. 
Kawasaki-shi, Kanagawa (JP) 



(72) Inventor: Asami, Keisuke, 
c/o Ando Electric Co., Ltd. 
Kawasaki-shi, Kanagawa (JP) 

(74) Representative: Grunecker, Kinkeldey, 

Stockmair & Schwanhausser Anwaltssozietat 
Maximilianstrasse 58 
80538 Munchen (DE) 



(54) Light source for an external cavity laser 

(57) A light source for an external cavity laser com- 
prises a semiconductor laser 1 having a first facet to 
which is applied an antireflecti on coating 1 A and a sec- 
ond facet to which is applied a increased reflection coat- 
ing 1 B defining a predetermined reflectivity, lenses 5, 6, 
a diffraction grating 2, and a mirror 3, wherein a light 
emitted from the first facet is converted into a parallel 



light by the lens 5, and the parallel light passes through 
the diffraction grating 2 to select a wavelength and is 
reflected to the diffraction grating 2 by the mirror 3 to 
select a wavelength via the diffraction grating 2 again, 
and the parallel light is converged by the lens 5 to be 
fed back to the semiconductor laserl , and a light emitted 
from the second facets is converged by the lens 7 to be 
output to an optical fiber 4. 



FIG. 1 



CO 

< 

CO 
CM 

in 
o 

CO 




6 1 5 



Q. 
LU 



Printed by Jouve, 75001 PARIS (FR) 



BNSDOCID: <EP. 



1139523A3J_> 



EP 1 139 523 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 01 1G 8046 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



8 
3 

& 
8 



Citation of document with indication, where appropriate, 
of relevant passages 



EP 0 952 643 A (ANDO ELECTRIC) 
27 October 1999 (1999-10-27) 

* paragraphs [0039] - [0049] ; figures 1,5 

* paragraphs [0091]- [0093] * 

* paragraph [0110] * 

EP 0 647 995 A (HEWLETT PACKARD CO) 
12 April 1995 (1995-04-12) 

* abstract; figure 1 * 

* page 4, line 26-30 * 

* page 5» line 7-11 * 

EP 0 921 614 A (HEWLETT PACKARD CO) 



9 June 1999 ( 



* abstract; figure 2 * 

'0008] , [0009] 



* paragraphs 

* paragraphs 



999-06-09) 



0020] -[0028] 



BOSHIER M G ET AL: "EXTERNAL-CAVITY 

FREQUENCY-STABILIZATION OF VISIBLE AND 

INFRARED SEMICONDUCTOR LASERS FOR HIGH 

RESOLUTION SPECTROSCOPY 11 

OPTICS COMMJNICATIONS, NORTH-HOLLAND 

PUBLISHING CO. AMSTERDAM, NL, 

vol. 85, no- 4, 

15 September 1991 (1991-09-15), pages 
355-359, XP000226852 
ISSN: 0030-4018 

* abstract; figure 2 * 

* page 357 * 

EP 0 920 094 A (ANDO ELECTRIC) 
2 June 1999 (1999-06-02) 
abstract; figure 1 * 



US 5 872 655 A (ANTHON ERIK W 
16 February 1999 (1999-02-16) 
abstract; figure 3 * 



ET AL) 



-/-- 



The present search report has been drawn up tor all claims 



Relevant 
to claim 



1-7 



1-7 



CLASSIFICATION OF THE 
APPLICATION (lnlCI.7) 



H01S5/14 



Place ol 

MUNICH 



Dal* a* conrptetion of 1be Maich 

20 December 2002 



TECHNICAL FIELDS 
SEARCHED (tntCJ.7) 



HOIS 



Examiner 

Marani, R 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant I taken atone 

Y : partioukrry relevant if combined wto another 

doeumenft of the tarn* eatooory 
A : techno log oal background 
O * non-written dhctooure 
P : intermediate document 



T : theory or prtnoete unoa dying the fc„„™„ 
E : aarBer patent document but pub tehed on, or 

after the fffing date 
D : dooument ofted In the application 
L : dooument otted for other reaeone 

A : member of the i«n« patent family, Qorrecponding 



2 



BNSDOCID: <EP 1 1 39523A3_I_> 



EP 1 139 523 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 01 1G 8046 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication , where appropriate, 
ol relevant poasaqea 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lrrt.CtT) 



A,D 



US 5 784 507 A (YANG DAT0N6 
21 July 1998 (1998-07-21) 
* abstract; figure 18A * 



ET AL) 



EP 0 907 229 A (ANDO ELECTRIC) 
7 April 1999 (1999-04-07) 

* abstract; figures 1,3,4 * 

* paragraphs 

[0026] , [0027] , [8040] - [0043] , [0855] , [0056] , 
[0067] * 

EP 0 911 924 A (ANDO ELECTRIC) 
28 April 1999 (1999-04-28) 

* abstract; figures 1,2 * 

* paragraphs [0011] - [0013] , [0826] * 

LIU K ET AL: "NOVEL GEOMETRY FOR 
SINGLE-MODE SCANNING OF TUNABLE LASERS" 
OPTICS LETTERS, OPTICAL SOCIETY OF 
AMERICA, WASHINGTON, US, 
vol. 6, no. 3, 1 March 1981 (1981-03-01), 
pages 117-118, XP0O071O138 
ISSN: 0146-9592 
the whole document 

PATENT ABSTRACTS OF JAPAN 

vol. 005, no. 163 (E-078), 

20 October 1981 (1981-10-20) 

& JP 56 090642 A (KYOTO GI KEN: KK) , 

22 July 1981 (1981-07-22) 

* abstract * 



1-4 



TECHNICAL FIELDS 
SEARCHED (lnLCL7) 



1-4 



The present search report has been drawn up for all claims 



Placed 

MUNICH 



Data of completion o4 U 

20 December 2062 



Examiner 

Ma rani f R 



8 



CATEGORY OF CITED DOCUMENTS 

X : partiou tasty relevant V taken alone 

Y : particularly relevant 9 oorrbined with another 

document of the •erne oaten, ory 
A : techno bgioei background 
O : non-written dfeotoeure 
P : irttermediato document 



T : theory orprtndpkt underlying the invention 
E : earlier patent document, but published on, c 



after the fling data 

oftadintheeppHootion 



a : member of the eame potent family, oorveeponding 
document 



3 



BNSDOCID: <EP 1 139523A3J_j> 



EP1 139 523 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPUCATION NO. 



EP 01 10 8046 



This annex lists the patent family member* relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Offioe EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

20-12-2002 



Patent document 
cited in search report 


Publication 
date 


Patent family 
members) 


Publication 
date 


rn naoc/lo 




97-1 0-1 QQQ 


IP 


11307864 A 


05-11-1999 






EP 


0952643 A2 


27-10-1999 








IK 


60 18535 A 

UU1UJJJ r\ 


25-01-2000 


EP 0647995 


A 


12-04-1995 


US 


5434874 A 


18-07-1995 






DE 


69419999 Dl 


16-09-1999 








DE 


69419999 T2 










CD 
tr 












jp 


7170016 A 




EP 0921614 


A 


09-06-1999 


EP 


0921614 Al 


69-06-1999 






ID 
dr 




17-fiQ-1QQQ 

XS U7 13 77 








us 


640479B Bl 










Ut 


Q70UUJ31 Ul 


19-04-2001 








DE 


69800591 T2 


08-11-2001 


EP 0920094 


A 


02-06-1999 


JP 


11163450 A 


18-06-1999 






EP 


0920094 Al 


02-06-1999 








US 


6047008 A 


04-04-2000 


US 5872655 


A 


16-02-1999 


NONE 






US 5784507 


A 


21-07-1998 


NONE 






EP 0907229 


A 


07-04-1999 


JP 


11103124 A 


13-04-1999 






CA 


2248501 Al 


26-03-1999 








EP 


0907229 A2 


07-04-1999 








US 


6343091 81 


29-01-2002 


EP 0911924 


A 


28-04-1999 


OP 


11126943 A 


11-05-1999 ! 






CA 


2251486 Al 


23-04-1999 








EP 


0911924 A2 


28-04-1999 


JP 56090642 


A 


22-07-1981 


NONE 









fo For more details about this annex : see Official Journal of the European Patent Office, Mo 1 2/82 



BNSDOCID: <EP 1139523A3J_> 



